A 22 year old man developed a vigorous tremor of 5 Hz in his right hand, after a 7 year history of toluene misuse. T2 Weighted MRI depicted marked decreases in the signal intensity of the basal ganglia, red nucleus, and thalamus on both sides. The stereotactic coagulation of the left nucleus ventrointermedius (Vim) of the thalamus abolished the tremors in his right hand. This patient clearly exhibited the pathological involvement of rubral lesions in generation of a toluene induced tremor on MRI. Toluene induced tremor is an irreversible symptom which persists even after stopping toluene misuse, therefore in medically intractable cases, it should be positively treated by a Vim thalamotomy. (J Neurol Neurosurg Psychiatry 1999;66:794-796) 
Toluene misuse is one of the social problems presently aVecting the youth of many countries. Many patients inhale toluene over several years, and as a result, various neurological symptoms, such as cerebellar, cognitive, and pyramidal dysfunctions, and optic atrophy occur, [1] [2] [3] These are associated with brain lesions, and are thus visualised in radiological studies. 4 5 Medical treatment with clonazepam is reported to give some benefit to toluene induced tremors; however, no eVective surgical treatment has yet been reported in medically intractable cases. In this paper, we describe the first operative case of a toluene induced tremor successfully treated by a Vim thalamotomy.
Case report
A 22 year old right handed man presented with a 7 year history of chronic toluene misuse. He had inhaled from 100 to 200 ml of high purity toluene daily between the ages of 14 and 21 years. He had no familial history of any essential tremors. He first developed a postural tremor in his right hand at 19 years of age. The tremor gradually increased and extended to his left hand. At 21 years of age, he became unable to write and thus had to give up his job at a petrol station. At the same time, he developed scanning speech with a vibratory voice. Although medication with isoproterenol and clonazepam helped to control the tremor to some degree for a year, the tremor in his right hand gradually progressed.
At admission, a vigorous postural tremor (5-6 Hz) which increased with voluntary movements was seen in the patient's right hand. A tremor was also present but less intense in his left hand. No tremor was present at rest. As a result, the tremor was not considered to be associated with either cogwheel rigidity, pyramidal signs, or cerebellar dysfunction. He had a mild cognitive dysfunction (verbal IQ 82, motor IQ 60, general IQ 69) and a mild dysarthria. The findings on EEG and the auditory brainstem response were all normal. T1 Weighted MRI showed mild brain atrophy, whereas the T2 weighted images showed a marked decrease in the signal intensities of the basal ganglia, red nucleus, and thalamus on both sides (figure A). As the patient's tremor was slowly progressive, even after stopping toluene misuse, and the MRI suggested organic lesions bilaterally in the red nucleus, a stereotactic Vim thalamotomy was thus planned; such a procedure has been successful in treating other similar types of tremors. For the intraoperative estimation of the tremor, the patient stopped all medication 18 hours before surgery. The patient's head was initially fixed in a Leksell's stereotactic frame and he underwent CT and MRI to determine the coordinates of the anterior and posterior commissures (AC, PC). The localisation of the target in the left Vim of the thalamus was finally calculated from the AC-PC line. Under a local infiltration of xylocaine, a burr hole was opened on the frontal bone 3 cm left of the midline and 5 mm anterior to the coronal suture. Vim was localised 5.5 mm anterior to the PC and 14 mm left of the AC-PC line based on the CT and MRI findings. During the operative procedures, the postural tremor of the patient's right arm was recorded with EMG and any intentional tremors were noted by having the patient draw figures. Before the coagulation of the left Vim, the patient drew poorly because of the intentional tremor. As soon as the coagulation of the left Vim was started (figure B), the tremor in the right hand abruptly decreased and he was thereafter able to draw well (figure C). At the end of the coagulation (70°C, 60 minutes with a Leksell Neuro Generator), the postural and action tremor of the right hand were abolished and the grouped discharges showing the tremor rhythm also disappeared on the EMG. He voiced no complaints during the operation, and his postoperative course was uneventful. He returned to work 1 week after the operation, and he is still free from tremors after a 2 year follow up period without medication.
Discussion
The symptoms related to the CNS found in cases of toluene misuse include cerebellar dysfunction, cognitive dysfunction, pyramidal signs, cranial nerve dysfunction, and involuntary movements. A wide range of clinical symptoms among such patients has been reported, probably due to diVerences in the duration of toluene inhalation or the type of organic thinners mixed with toluene. 6 The clinical features of toluene induced tremors are as follows: (1) tremors are found mainly in the upper extremities, (2) they have a frequency of 4-5 Hz, (3) postural or intentional tremors are present but there are no resting tremors, (4) the tremors are generally intractable to medical treatment. The pathogenesis of toluene induced tremors has been considered to involve lesions of the dentatorubro-olivary system, 7 and a decrease in the signal intensity of the basal ganglia, thalamus, and tegmentum of the brainstem on the T2 weighted MR image has also been suggested to correlate with this lesion.
6-8 Our patient also had symptoms which closely correlated with the typical clinical features and the marked decreases in the signal intensities of the bilateral thalamus and red nucleus on the T2 weighted MRI. Rubral tremors, which are often referred to as midbrain tremors, tend to exhibit a slow frequency (2-3 Hz) as well as a resting component. 9 In our patient, the tremor was somewhat faster (5-6 Hz) than typical rubral tremors and it was also not seen at rest, which thus suggested that the toluene induced tremor in our patient was not only due to lesions in the red nucleus but was also influenced by multiple lesions in the basal ganglia and thalamus.
Experimentally, ventromedial tegmental lesions including damage to the red nucleus and cerebellothalamic pathway, tend to generate the tremor rhythms in the contralateral upper and lower limbs (synchronisation of neuronal discharge). A possible descending pathway that mediates the tremor rhythm seems to be the reticulospinal tract originating from the pontine tegmental reticular formation. The proprioceptive signal from the muscle spindle associated with tremors, in turn, ascends in the contralateral spinothalamic tract to the Vim. The signal probably projects to the cortical area 3a, and then comes down again from the cortex. 10 As a result, the thalamocortical circuit around the Vim seems to play an important part in the generation and maintenance of the tremor rhythm. In our case, the rubral lesion demonstrated by MRI clearly showed the pathological contribution of the ventromedial tegmental lesions to the generation of such tremors. The stereotactic Vim thalamotomy dramatically cured the tremor in our patient, which thus suggests the involvement of rubral lesions and the thalamocortical circuit in the development and/or maintenance of toluene induced tremors.
Clonazepam, but not blockers, sometimes attenuates both midbrain tremors 11 and toluene induced tremors (including hyperkinesie volitionnelle), 7 however, in most cases, a midbrain tremor is generally intractable to medical therapy. Our patient was also treated with clonazepam because a blocker had no eVect. However, the tremors could not be completely controlled. There has been no 
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Tremor induced by toluene misuse successfully treated by a Vim thalamotomyprevious report of a spontaneous resolution of toluene induced tremors. Although our patient had stopped misuse of toluene for more than a year before admission, his tremors nevertheless gradually deteriorated. Sodeyama et al 7 described a patient who developed a tremor and hyperkinesie volitionnelle 3 years after stopping toluene misuse. Therefore, the involuntary movement due to toluene misuse does not seem to be a transient symptom, but rather an irreversible and slowly progressive symptom which often continues even after stopping such misuse. Based on the above findings, we stress that, in medically intractable cases, toluene induced tremors should be included in the positive indications for a Vim thalamotomy, along with other types of tremors.
HISTORICAL NOTE
Post-traumatic meningioma: case report and historical perspective
We report the case of 63 year old man found to have a calcified right frontal mass at the site of an 11 year old skull fracture. We present this case in support of the origin of some meningiomas from post-traumatic head injuries. In this case, the point of injury was precisely the site from which the tumour was removed and correlated directly with the traumatic injury to the inner table of the calvarium.
It is of no small consequence that Cushing felt strongly that meningiomas were caused by trauma to the calvarium with resultant meningeal irritation. The well published cases of some of his patients correlated the occurrence of these tumours with prior trauma to the skull and meninges.
1 This association was highlighted by the well publicised case of General Leonard Wood and the patient's first craniotomy performed by Cushing in 1909.
1 2 The successful removal of a "a brain tumour" on an eminent, public figure ensconced neurosurgery in the public's eye as a specialty in which surgery could be performed safely on the brain and people could survive.
3 It was Dr Cushing's success that helped raise neurosurgery to new and distinguished heights and enabled him to become one of the most outstanding men in medical history.
This 63 year old black man presented to the hospital after a witnessed grand mal seizure. Eleven years earlier he had had a focal skull injury to the right frontal bone with an open laceration after being struck by a full beer bottle while on a fishing trip. Physical examination disclosed only a mild asymmetric motor weakness in the left arm and leg. Skull radiography showed a right frontal bone lytic lesion about 2 cm in diameter, hyperostosis, and an extraaxial calcified density (ill defined) directly beneath the lesion. Head CT disclosed a right frontal mass with a lytic focus involving the inner table.
A bicoronal incision and right frontal craniotomy was performed. A right frontal meningioma was found, producing full thickness skull erosion associated with a healed depressed skull fracture. The meningioma was resected with adherent dura and then sent for frozen section. The dura was closed primarily and a cranioplasty was performed using titanium mesh and methylmethalcrylate. Histopathological examination confirmed the diagnosis of meningioma ( figure) .
This case lends credence to the monumental work of Cushing over 75 years ago, who noted multiple cases of tumour formation after blunt or sharp head trauma. He cited 24 cases "in which evidence of an injury in the nature of a swelling, cicatrix, or depressed fracture corresponded with the tumor's obvious point of origin". Cushing noted that trauma as "an aetiological factor...is inescapable". 4 The celebrated case of General Leonard Wood highlighted
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